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Cytokine production was investigated in oral kerati-
nocytes and tissue-infiltrated mononuclear cells 
(TIMC) obtained from patients with oral lichen pla-
nus (OLP). The numbers of cells producing interleu-
kin (IL)-l/3, IL-4, IL-6, granulocyte colony-stimulat-
ing factor, and tumor necrosis factor-a per 104 cells 
in keratinocytes from patients with OLP were deter-
mined by enzyme-linke d immunospot assay. These 
levels were two to threefold greater than those in 
keratinocytes from chronically inflamed gingiva and 
10 to 20-fold of those from the intact gingiva. The 
concentrations of these cytokines in the culture su-
pernatants of keratinocytes were correlated with the 
number of cytokine-producing cells. COlnpared with 
TIMC in the gingiva and peripheral blood mononu-
clear cells, TIMC in OLP were more cytokine-pro-
T he m aj o r hi stopathologic features of ora l liche n p la-nu s (OLP) are known to be subepithelial band-like lymphocyte infi ltration and liquefactive degeneration of the basa l cell layer. However, the etiology of OLP has not yet been clarified. Recent immunohisto-
chemical and electro n mi croscopic studies have revealed that the 
major subepithelial and epith elial infiltrates are CD4-positive ,md 
CDS-positive T cells [1, 2], respecti vely, and that these infiltrates 
con tact the dendritic cells and keratinocytes in situ [3]. Despite 
many in vestiga tio ns, the m echanism of this mononucl ear cell 
infiltration remains to be e lucidated , and could lead to understand-
ing of the pathogenesis of OLp. 
It is likely that keratinocytes in the chronically infl am ed o ral 
mu cosa produce m any cytokines and that the ke ratinocytes in teract 
with other cells such as fibroblasts, endothelial cells, and infiltrated 
lymphocytes via these cytokines [4 - 6]. T h e up-reg ulation of 
cytokine release fro m keratinocytes has been investigated in many 
diseases [7-9]. Regarding local cytokine generation in OLp, how-
ever, there have been only a few repo rts [9,10] . W e have already 
demonstrated that, cotnpared with keratinocytes from health y 
gin givae, keratinocytes obtained from patien ts w ith OLp produce 
more tumor necrosis facto r-a (T NF-a), g ranulocyte-macrophage 
colo ny-stimulating factor (GM-CSF), and monocyte che m oattrac-
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ductive, with larger numbers of cytokine-producing 
cells that expressed more cytokine IlteSsengers. More 
IL-6, IL-2, and IL-10 were generated from TIMC in 
OLP, whereas less granulocyte colony-stitnulating 
factor was generated. After pretreatment with IL-2, 
TIMC from OLP patients generated more IL-6 than 
did peripheral blood mononuclear cells, and IL-4-
pretreated TIMC from the patients released larger 
amounts of IL-2, IL-6, and IL-10. These results indi-
cate that keratinocytes play a critical role itt OLP 
through production of large amounts of cytokines, 
that TIMC are stimulatedi" situ and differentiated to 
produce cytokilles characteristic ofOLP, and that the 
inflammatory condition of OLP is determined by the 
local cytokine network.] Invest Derlllatol104:784-788, 
1995 
tants [9] . However, the numbers of kera t inocytes and tissue-
infiltrated mononucl ear cell s (TIM C ) producing cytokin es ill sit ll 
have not yet been elucidated, nor is the relation known between 
the amounts of cytokines generated and the cytokine-produ cing 
ce lJ number. Identification of cytokine-producing ce IJs may pro-
vide critical information regarding ill silll differentiatio n of th e 
infil trates. 
Given the clini cal nature of OLP, that is, lo ng-standing inflam-
mation with improvem ent and relapse, it is apparent that bo th 
inflammation-inducing and -reducing cytokines act on the tissue . 
If the cytokille balance shifts to inflammation induction , the local 
inflammatory reaction is in creased, and cytotoxic d!'!struction of 
ke ratinocytes by the infiltrates becom es more Ekely. In contra st, 
infl ammation is suppressed w hen the generatio n of inflammatory 
up- regulatory cytokines is reduced and th e productio n of down-
regulatory cytokines is increased . Interl e ukin (IL)-4 and IL-l0 have 
been postula ted [11-14] as T-cell-suppressing cytokincs. 
In this study, to clarity the cytokines responsible for OLP, 
cyto kine productiviL-y of keratinocytes and T IM C, and loca l diffe r-
entiation of T IMC, we investigated the cytokine production and 
cyto kine-producing cell po pulations in ke ratinocytes and in mono-
nucl ear infil trates isolated ii-om the tissue of patients with OLP. 
MATERJALS AND M ETHODS 
Cell Preparation NoninA<lmcd gingiv<le were o btaincd from the region 
o f an impacted lower third molar, and cheek lTlucosae and chronica ll y 
inAamed -marginal gingivae were o btained from pa tients with OLP and 
hea lthy dono rs, respectively , who had ne ither received an y medication nor 
had ;.lIl y systemic abnorma li ties . Wi th a sharp kn ife, the epidermal sheets 
were peeled manually from the resected lTlucosal tissues, which had been 
pre treated with 0 .25'% trypsin for 30 min at 4°C. T he pee led epider111al 
sheets were then minced and di spe rsed with 0.25% lTypsin and 0 .02% 
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eth)denediamine tetraacctic acid with continuo us sti rring fo r about 60 min 
at 37°C. T hc ce ll suspensions were centrifuged, and the ce ll pe llets were 
washed twice with phosphate-buffe red sa line (PBS) containing 1 'Y., feta l 
bovine se rum (FBS). After cen trifugation, the cell pellets were resuspended 
in m odifi ed MCDB 153 mediutll containing epidermal growth f.1cto r , 
insulin , hyd rocorti sone, and bovine pitui tary extract (MCDB. Epipack; 
Sanko Junyaku, Co .. Ltd .. Japan) . T he suspended ce ll s were incubated fo r 
1 hat 37"C in the presence ofan ti-CD1a and an ti-CD2 antibodics (OKT-G 
and OKT-1 I ; Ortho Di"gnostic Systems Inc., Raritan. NJ) and comp lem ent 
(Cedarlane Laborato ri es, Hornby. Canada). No contami nation of lym phoid 
ce ll s was o bserved im11tunohistochemica ll y w hen an tibod ies to the surface 
an t igens were app lied. A fte r ccn tdfugatiol1, t he kcrati nocytcs ,"vere res u s-
pended in MCDB medium and examincd for cytokine production w ith 
enzyme-linked immunospot assay (ELISPOT). 
T IMC and periphera l blood mononuclear cells (PBMC) were isolatcd 
concom itantly fi'om the do no rs of ke rati nocytes and hea lthy individu<1ls . 
T h e resected c h eck rllll cosac an d inA:ullcd gi n g iv:lc we re 111i llccd. a nd the 
minced tissues were poured into plastic Petri dishes con tai ning .R.PM I '1640 
medium (N issu i Pharmaceuti ca l Co ., Ltd., Japan) supplemented with 
L-gluta mine, antibiotics . 0.01 % hya luronidase type 1 (Sigma C hemical Co .. 
St. Louis, MO), and 0. 1 % type IV collage nase (S igma). The d ishes were 
in cubated fo r 30 min at 37°C w ith continuo us stirring. T he cell s were thcn 
co llected by cen trifugat ion and resuspended in n...PM I 1640 medium . T h;s 
enzymatic treatment was repeated twice. and the separated ce ll s We re 
placed on a Ficoll-Paque (Phannacia Fine C hemica ls, Piscataway, NJ) 
gradien t. After cen trifugation at 400 X g for 30 min, T IM C were co llected 
from the top layer. T he separa ted cd ls showed no reaction for keratin. a nd 
con ta mination of keratinocytes was excluded immunohistochemical ly. 
PBMC were iso lated by the Ficoll-Paque gradient m ethod fi'om heparinized 
periphera l b lood. Doth PDMC and T IMC were suspended in RPMI "1640 
medium ; their purity was contirmed by flow c)'tometry, and more than 98')/. 
purity was routinely observcd. 
ELISPOT Single cytokine-secreting cell s were visuali zed by ELI SPOT 
and co un ted acco rding to the method of Taguclti el al [15]. Briefly, 
microwell p lates were coa ted ovem ight at 4°C with 5 j.1g/ ml of monoclonal 
an tibody (MoAb) against IL-113, IL-2 , IL-4 , I L-6 . granulocyte colol1Y-
stimulating fil cto r (G-CSF). interfero n-gamma (IFN-y). and T NF-a (Gen-
zyme Corporation, Cambridge, MA) , and contro l we lls were prepared by 
CO<lti ng with FBS. All we ll s were then b locked with PBS containing 5% FBS 
for 60 m;n at room temperature. O ne hundred micro liters of keratinocytes. 
PBM C . o r T IM C suspension (1 X 105 cells/ml) was added to each 
individual well , and the plates were incubated for 20 h at 37°C in t he 
presence or absence of IL-2 (100 U / ml; Shionogi. Pharma. Co .• Osaka , 
Japan) or IL-4 (10 ng/ml ; Genzyme). After being washed w ith PBS. t he 
wc ll s were fi ll ed with PDS contai ning 0.05% Tween 20 (Tween-PBS) and 
incubated overn igh t at 4°C with 100 j.11 of biotinylated MoAb aga inst each 
cytokine using Dioti n Labe ling Kits (Boehringe r Mannheim Biochemi ca, 
M anllhc inl , Gcnn aIl Y). T he plates were the n \vas hcd th ree t itHes "vith 
Tween- PBS and incubated with 100 j.1l/well of avidin-a lka line phosphatase 
(Cappel; Organon Teknika Corporation. Durham. N C) d iluted I OOO-foid 
with Tween- PI3S. Spots represen ti ng single cytokine-secreting cell s were 
visuali zed with the substrate 5-bromo-4-chlo ro-3-indo lyl phosphatase a nd 
counted microscopicall y. 
Cytokine Production and Quan tification PBM C o r T IM C at 1 X 105 
were cultured in 1 ml of RPMI J 640 med.ium. and the same number of 
kerati nocytes were cul tivated in 1 ml of MCDD medium for 24 h at 37°C. 
The cul ture supematan ts were collected and subjected to cytokine titration . 
Cytokine levels were measured using enzyme-amplified sensitivi ty inlll1u-
noassay kits (Medgenix Diagnostics, Drusse ls, Belg ium) for I L- I 13 a nd 
TNF-a, and w ith enzymc- linked imll1unosorbent assay kits fo r IL-2. IL-4. 
IL-6, and G-CSF (IL-2 and IL-4: Qua ntikine, R&D Systems, Minneapolis, 
MN ; IL-G: Toray-Fuj i Bionics Inc., J ap'ln; G-CSF: Amersham Inte rna tiona l 
pic. Amersham, UK). In add ition, a radioirn m unoassay kit was used for 
IFN-y (Centocor, Malvern. PAl. T he I L-1 0 level was m easured by 
enzyme-linked immunosorbent as.,a),. Microplates. previously coated with 
rat anti - human IL-IO MoAb (4 j.1g/ ml) (Pharmingen , San Diego, CAl a nd 
kept at 4°C overnigh t. were washed twice wi th Tween-PBS and incuba ted 
with PDS conta ining 10% FDS for 2 h at room temperature to b lock 
nonspecifi c bindi ng. After washing of the plates with Tween- PBS. each 
culture supem ata n t of PBM C o r standard I L-1 0 (Pharmingen) was added to 
microwell s that had been preincubated at 4°C overnigh t and washed th t'ee 
times w ith Tween-PBS, and thc well s were incub<lted in the presence of 
biotinylated rat anti-Illnnan IL-10 MoAb (2 j.1g/m l) (Pharmingen) for 45 
min at room temperature. Avidi n- peroxidase (S igma) was then added to the 
p lates, and they were washed six times and incubated for 30 min at room 
temperature. After remova l of the cul ture medium . substrate bufFer so lu-
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tion , containing hydrogen peroxidase and 2.2' -azino-bis (3-cthyl-benzthia-
zoline- G-sulfonic acid) (Sigma) , was added to each well. The plates were 
incubated fo r 30 min . and the color reaction was stopped by adding 15% 
(w/v) sod ium dodccylsul fatc/40% (v/v) N.N-dimethylformamide . The 
optica l de nsity of each well was exam ill cd at 405 11m. A standard curve was 
dra \.vn for each cytokillc using the standards w'jth known conccTl tnltiollS, 
and the cytokine levels in the cul tu re supernatants were deternlined. 
RNA Extraction and Reverse Transcription Total cellular RNA was 
extracted fi'om T IMC , keratinocytes, or PBMC by homogeniza tion in 4 M 
guanidiniufll thiocyanate and subsequent centrifugation th rough a 5.7 M 
CsCI cush;on, accord ing to standard protocols. The RNA was quantitated 
by measuring the optical densit), at 260 nm. T he extracted RNA (0.5 j.1g) 
was added to 20 j.11 of reverse transcriptio n bufFer (50 mM Tris-HCI. pH 8 .3. 
50 mM KCI, 10 mM MgC I2' '1 mM ethylenediamine tetraacetic acid, 10 
j.1g/ ml bovine serUfll albumin , and 1 mM dithiothreitol) con tai ning LO mM 
dNTP, 50 U I~ase inhibi tor. I j.1g random hexadeoxynucleotide primer. 
and 50 U avian myeloblastosis virus reverse transcriptase (all from Boehr-
inger Mannheim). T his mixture was incubated at 42 °C for 40 min and then 
heated at 95 °C for 5 min . The polymerase chain reaction (PCR) was 
performed with 4 j.11 of the cDNA preparation . 
peR T he prepared cDNA was added to the reaction mL"wre containing 
10 mM Tris-H C I, 50 mM KCI. 1.5 mM MgCI2' 0.01% (w / v) gelatin. 0.2 
mM dNTP, 0.4 j.1M of both 5' and 3' primers. and 2 U Taq polymerase 
(Perkjn-Elmer Corp .. Hayward, CAl in a total vo lume of 50 j.11. All reaction 
mixtures were overlaid with 50 j.11 milleral oi l and incubated in a thermal 
cycler (Perkin-Elmer) fo r 45 seconds at 94 °C , 45 seconds at 60°C. and 2 min 
at 72°C pCI' cycle. Five-micro li te r aliq uots of the reaction mixture were 
removed at suitablc interva ls duri ng PCR. PCn... /iagments were visua lized 
by aga rose gel e lectrophores is and ethidium bromide sta;n;ng and were 
positively identifi ed by size. Primers for LL-l13 . IL-2, IL-6. TNF-a. and 
IFN-y were purchased fi'om C lontech Laboratories Inc. (Palo Alto. CA). 
Glycera ldehyde 3-phosphate dehydrogenase served as the internal control. 
Il...ESULTS 
Cytokinc-Producing Cclls in Kcratinocytcs, TIMC, and 
PBMC T h e numbe r of cytokin e -produ cing keratinocytes was 
g reatest in OLP, fo ll owed by c hro nic g ing ivitis and h ealthy gingi-
. vae (Tablc I). In OlP, about 470, 260, 310, 120, and 220 cells per 
·to-' keratinocytes prod u ced IL-l,8, IL-4 , IL-6 , G-CSF, and TNF-a, 
respectively. In 10" ke ratillocytes separated from c h ronically in-
flamed g ing ivae, 83 and 153 cells produced G-CSF and IL-6, 
respectively, and th e numbe rs of cell s producing other cytokines 
w e re within t h is range. In keratinocytes from intact gingivae, the 
numbe r of cytokin e-pro ducing cells was less th an 30 per 1 O~ cells 
fo r a ll cytokines eX:lm ined. 
In both OLP and g in g ivitis, the number of cytokine-producing 
cell s in T IM C was g reater than that in PBMC. IL-2-, TL-4-, IL-6-, 
and IFN-),-prod u c in g cells were m o re numerous in TIMC from 
OLP patients than in T IMC fi'om chron ically inflamed g ingivae. In 
contra st, m ore IL -1,8- and G-CSF-producing cells were observed 
in T IMC fi'om g ing ivae th an in T IMC from cheek mucosae. In 
TIMC fro m c h eek mucosae, th e IL-6-producing cells were the 
m ost numerou s (423 ± 98 cells/1 0" cell s), and the numbe rs of cells 
producing IL-l,8, IL-2, TL- 4, G-CSF, and IFN-)' per 10~ cells were 
258 ± 118, 284 ± 43, 223 ± 74, 26 ± 18, and 161 ± 66, 
respectively. Ofl 0" PBMC and T IM C fro m inflamed gingivae, 142 
± 41 a nd 268 ± 72 cell s, respectively , produced IL-6 . IL-l,8 and 
G-CSF produ ction was observed in 332 ± 64 a nd 236 ± 72 cell s of 
TIMC from inflamed gingivae, and in 174 ± 72 and 136 ± 30 cells 
of PBMC, respective ly. 
Cytokinc Production in Kcratinocytcs, TIMC, and PBMC 
T h e am o unts of cytokin es re leased from keratinocytes were corre-
lated w ith th e numbers of cytokine-pl'oducing cells, i.e., keratino-
cytes in OLp gen erated the largest amounts of cytokines , followed 
b y k eratin ocytcs from inflamed gingivae and keratinocytes fi'om 
intact g ing ivae (Tablc II). The concentrations of lL-1,8, IL-4, IL-6, 
G-CSF, and TNF-c.v in the culture supernatants of keratinocytes 
were approximately 40, 10, 70, 100, and 50 pg/ ml. respectively. in 
OLP, ,md 22 ::t: 5, 4 ± 3, 34 ± 12, 46 ± 13, and 30 ± 8 pg/m l. 
respectively, in gingivitis. Keratinocytes from intact gingivae re-
leased 13 ± 3 pg/ m l of IL-1,8, 16 ::t: 4 pg/ ml of IL-6, 29 ± 13 
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Table I. Cytokine-Producing TIMC and Keratinocytes in OLP and Gingivitis 
Producing Cells/Well" 
Cells and Source (Number 
of Donors) IL-1{3 IL-2 IL-4 IL-6 G-CSF TNF-a IFN-y 
Keratinocytes; cheek I11l1-
262 ::': 96"'; 314 ::': 951'" 223 ::': 441>,0 cosa with OLP (n = 7) 472 ::': 851'" NO 122 ::': 45" NO 
Keratinocytes; chronical ly 
inflamed gingiva 
(n = 6) 105 ::': 30 NO 106 ::': 17 153 ::': 53 83 ::': 27 117 ::': 36 NO 
Keratinocytes; intact gin-
giva (n = 6) 25 ::': 8 NO 14 ::': 7 16::': 10 5 ::': 4 18 ::': 4 NO 
TIMC; cheek mucosa with 
OLP (n = 7) 258 ::': 118 284 ::': 43,1 223 ::': 7401 423 ::': 98,1,,, 26 ::': 18" NO 161 ::': 6601 
TIMC; chronicaUy in-
flamed gingiva (n = 6) 332 ::': 64d 200::': 61 158 ::': 44 268 ::': 72 236 ::': 72 NO 106 ::': 15 
PBMC; healthy individnals 
(n = 6) 174 ::': 72 148 ::': 40 75 ::': 24 142 ::': 41 136 ::': 30 NO 74 ::': 24 
" Separated keratinocytes, TIMC, and PBMC were cultured for 20 h at 37 ' C in microwells (10" cells/well) prccoa ted with each antibody to the cytokines indicated. and 
cytokine-producing cells were dctcnnincd microscopicaJJy. ND, not determined. 
IV"I,c', p < 0 .05 compared with gingivitis-kcratinocytcs, intact keratinocytcs, PBM C, and gingivitis-TIM e . respective ly, Mann-Whitney U test. 
pg/ml of G-CSF, and 18 ± 6 pg/ml of TNF-a; IL-4 was not 
detectable. 
The concentration of each cytokine in the culture supernatants of 
TIMC and PBMC was almost parallel to the number of cells 
producing the corresponding cytokine. The concentrations of 
IL-IJ3, IL-2, IL-4, IL-6, and IFN-y in the culture supernatants of 
TIMC in OLP were 50 ± 13,44 ± 16, 16 ± 6, and 75 ± 20 pg/ml 
and 3.6 ± 0.9 IU/ml, respectively, whereas the G-CSF level was 
below the detection limit. In gingivitis, the IL-1J3 and IL-4 levels in 
the supernatants of TIMC were similar to those in OLP, but the 
IL-2, IL-6, and IFN-y levels were lower than those in OLP. TIMC 
from OLP produced 69 ± 28 pg/ml IL- IO, whereas TIMC from 
inflamed gingivae and PBMC from healthy individuals did not 
generate detectable IL-l0 in most donors. 
Effects of IL-2 and IL-4 on Cytokine Production by TIMC 
and PBMC Pretreatment with IL-2 or IL-4 ofPBMC and TIMC 
from patients with OLP increased the numbers of cytokine-
producing cells, whereas TIMC from the inflamed gingivae showed 
only a slight response to IL-2 or IL-4 (Fig 1). IL-2-, IL-6-, and 
IFN-y-producing cells in PBMC and TIMC from OLP patients 
were largely increased by pretreatment of the PBMC and TIMC 
with IL-2 or IL-4. However, only IL-6-producing cells were 
largely increased in IL-2-pretreated TIMC from inflamed gingivae. 
Compared with TIMe from OLP patients, PBMC from healthy 
individuals responded 1110re to IL-2 and IL- 4, and a large number of 
them became productive of IL-2 and IFN-y. The cytokine gener-
ation frol11 these lL-2- and IL-4-pretreated cells was in parallel 
with the induction of each cytokine-producing cell, aJld IL-4-
pretreated TIMC from OLP showed greater generation of IL-4 and 
IL-IO than did IL-4-pretreated TIMC £i'0111 inflaJtled gingivae and 
PBMC. Untreated TIMC from OLP patients generated 1110re IL-10 
than did untreated PBMC and TIMC frOI11 the gingivae (Table II). 
Cytokine Gene Expression in Keratinocytes, TIMC, and 
PBMC Cytokine genes were expressed ill parallel with the 
prod uction amount of each cytokine (Fig 2). Keratinocytes fi:om 
patients with OLP expressed higher levels of IL-1J3, lL-6 , and 
TNF-a mRNA than did keratinocytes fi:om inflamed and intact 
gingivae. The expression of JL-6 mRNA in keratinocytes from 
intact gingivae or in PBMC frOI11 healthy individuals was not 
detected even at 30 cycles. However, IFN-y mRNA was expressed 
Table II. Cytokine Production by TIMC and Keratinocytes in OLP and Gingivitis 
Cytokine Generation" 
Cells and Source (N umber IL-1{3 IL-2 IL-4 IL-6 IL-I0 G-CSF TNF-a IFN-y 
of Donors) (pg/ml) (pg/ml) (pg/ml) (pg/ml) (pg/ml) (pg/ml) ("g/ml) (U/ml) 
Keratinocytes; cheek mu-
cosa with OLp (n = 7) 39 ::': 131", NO 9 ::': 5 68 ::': 161,,; NO 97 ::': 34' 48 ::': 16' NO 
Keratillocytes; chronicall y 
inAamed gingiva 
(n = 6) 22 ::': 5 NO 4 ::': 3 34 ::': 12 NO 46 ::': 13 30 ::': 8 NO 
Keratillocytes; intact gin-
giva (n = 6) 13 ::': 3 NO bdl 16 ::': 4 NO 29 ::': 13 18 ::': 6 NO 
TIMC; cheek mucosa with 
OLp (n = 7) 50 ::': 13 44 ::': 1601 16 ::': 6 75 ::': 2001,,, 69 ::': 28' J bdld " NO 3.6 ::': 0 .9" 
(150 ::': 77)f 
TIMC; chronically in-
flamed gingiva (n = 6) 45 ::': 13 22 ::': 15 14 ::': 5 37 ::': 19 55 ::': 5·" 33 ::': 12 NO 1.8 ::': 1.1 
(79 ::': 1}" 
PBMC; hea lthy individuals 
(n = 6) 39 ::': 17 13 ::': 4 12 ::': 2 34 ::': 19 75 ::': 20f 19 ::': 13 NO 3.4 ::': 1.2 
(90 ::': 55l 
" 'I X 105 cells/ml ofkeratinocytes. TIMC, and PBMC were cu ltured for 24 h at 37'C. and the concentration of each cytokine in the culture supernatants was measured. Each 
vaJuc indi cates mea n :t SD. NO, not determined; bdl, be low the detection limit. 
/', 1:,11,(: p < 0.05 compared with gingivitis-kcratinocytcs. intact kcratinocytcs. PBMC. and gingivitis-TIMe. respectively , Mann-Whi tney U tcst. 
f.., Mean :!: SD of four and two donors, respectively (lL-1O levels in rema.ining donors were below the detection limit) . TIMC were pretreated with IL-4 for 20 h, After being 
washed , the ccUs were incubated for 24 h, and 1L-10 levels in the supcrllat:lI1ts w ere calculat'cd. 
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Figure 1. Effects ofIL-2 and IL-4 on cytokine production by TIMC 
and PBMC. TIMC from OLP (opell bars), T IMC from gingivitis (solid bars), 
and PBMC from healthy individuals (striped IMrs) were cultured in the 
presence or absence of IL-2 (100 U/ml) or IL-4 (10 ng/ml) for 20 h 3l1d 
washed twice with PBS. The ce lls were then incubated for 24 h in 
microwe\Js that were prccoated with each antibody to IL-2, IL-4, IL-6, and 
IFN-,)" and the number of ce lls producing each cytokine was determined 
microscopically. "p < 0.05 compared with non-pretreated cells of each 
corresponding population; hp < 0.05 compared with TIMC from gingivitis; 
cp < 0.05 compared with PBMC (Mann-Whitney U test). 
most prominently in PBMC £i:ol11 healthy individuals; the strongest 
expression of both IL-2 and IL-6 mRNA was observed in TIMC 
from OLP patients. 
DISCUSSION 
In OLP, iml11unohistochemical and electron microscopic investiga-
tions have indicated that T-cell-mediated cytolysis occurs [3,16]. 
However, the mechanisms underlying the cell illfiJtration aJld 
T-cell attack on keratinocytes h ave not yet been clarified. It is likely 
that mononuclear cell infiltration in mucocutaneous lesions is 
induced by cytokines that are released locally from epithelial cells, 
fibroblasts, and other cells [9,17-19] . Indeed, investigations to date 
have suggested that the local immwle response is regulated by 
cytokines generated from the keratinocytes aJld infiltrates [9, 20, 
21]. However, local cytokine generation in OLP has not been 
IL-lll -802 bp IL-2 
IL-6 -628 bp IL-6 
lNF-a 
-444 bp IFN-y 
G3PDH -983 bp G3PDH 
Figure 2. Cytokitle gene expression in keratinocytes (KC), TIMC, 
and PBMC. cDNA was synthesized from mRNA isolated from keratino-
cytes, TIMC, and PBMC and was amplified by PCR (30 cycles) using 
oligonucleotide primers for LL-li3, IL-2, IL-6, TNF-a, and IFN-')'. PCR 
products were ;lI1alyzed by agarose gel electrophoresis and visualized by 
ethidium bromjde stailung. G3PDH, glycer:tldehyde 3-phosphate dehydro-
genase. 
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sufficiently clarified, and the role of cytokines in the pathogenesis of 
OLP remains obscure. 
We have previously observed that monocyte-chemoattractaJlt 
f..ctor(s) different from monocyte chemotactic protein-1 were 
generated by keratinocytes and that keratinocytes from patients 
with OLP produced more of these chemoattractant fuctor(s) than 
keratinocytes from the intact gingiva [9]. We also found that 
GM-CSF, one of the mononuclea"r cell chemoattractants, was 
produced synergistically by oral keratiJlocytes co-cultured with 
gingival fibroblasts [22]. In addition to these observations, the 
present study reveals that keratinocytes from patients witll OLP 
contain larger numbers of cytokine-producing cells compared with 
those from inflamed and intact gingivae, in parallel with generation 
of larger amounts of IL-1{3, IL-4, IL-6, TNF-Q', and G-CSF. The 
mRNA expression levels in fresh cells correlated witll the aJll0U11ts 
of cytokines released. Therefore, tlle ill llitro results indicating 
greater cytokine generation in OLP appear to reflect ill situ cytokine 
production. Stimulation from the mucosal surface and dermis may 
be considered a possible source oftlle high cytokine productivity of 
keratinocytes in OLP. Although the amounts of IL-6 and some 
other cytokines generated from TIMC in OLP were greater than 
those generated from TIMC in gingivitis, it is unlikely that the 
up-regulated cytokine generation of keratinocytes depends on me 
stimulation of the cytokines generated from the infiltrates. It seems 
reasonable to consider that the oral mucosa constantly or interrnh-
tently receives extrinsic, perhaps allergic stimulation, and enhanced 
cytokine generation from keratinocytes is induced. As the second 
step, mononuclear cells probably infiltrate the demlis w im the aid 
of the locally generated cytokines, which have chemotactic activ-
ities [9]. 
IL-1{3 aJld TNF-Q' are multifunctional cytokines tllat regulate the 
proliferation and differentiation of T cells [23-25], whereas IL- 6 
induces T-cell activation and proliferation [26-29]. Therefore, it 
appears tllat these cytokines, released in a paracrine and autocrine 
maJ1Jler, proliferate and activate infiltrated T cells aJld mediate the 
local immune response. Furthermore, IL-1{3 aJld TNF-Q' up-regu-
late the expression of adhesion molecules on endotllelial cells and 
increase T-cell adhesiveness to the endothelial cells, resulting in 
greater T-cell penetration among these cells [30-33]. These actions 
of locally generated cytokines would explain tlle predominaJlt 
T-cell infiltration in OLP. 
Keratinocytes in gingivitis produced a large amount of IL-6 and 
G-CSF. It is well known that IL-6 stimulates the differentiation of 
B cells into immunoglobulin-producing cells and that G-CSF 
regulates the proliferation and differentiation of neutrophils [34-
36]. Perhaps tllese cytokines are generated in the presence of 
bactet;al stimulation [37]. If so, the up-regulated production ofIL-6 
aJld G-CSF in gingival keratinocytes is reasonable, given the 
predominant infiltration of B cells and neutrophils in me gingiva. 
Compared with PBMC, TIMC in OLP contained much greater 
numbers of cytokine-producing cells and generated larger anlOunts 
of cytokin es. High production of cytokines such as IL-2, IFN-'Y, 
aJld IL-6 was characteristic of TIMC in OLP. These cyto1cines 
possess potent inmmnomodulating aCOVloes [26-29,38-40]. 
When cultivated with IL-4, TIMe from tl1e mucosa affected by 
OLP produced larger amounts of IL-10, IL-6, and IL-2 compared 
witll PBMC and TIMC in gingivitis. In addition, large aJ110unts of 
IL-2 and IL-6 were released from IL-2-pretreated TIMC from OLP 
patients. These results appear to indicate that TIMC are differen-
tiated to generate cytokines characteristic of OLP. The differenti-
ation ofTIMC may be induced by the cytokines generated locally. 
It is interesting that, ill addition to T -cell-activarillg cytokines, 
B-ceLl-stimulating cytoki.l1es such as IL-4 and IL-10 were largely 
generated from TIMC in OLP. It is well known that these cytokines 
enhance B-cell production of immunoglobulins and conversely 
suppress differentiation and activation of CD4 helper cells via 
suppression of IL-2 aJld IL-12 generation from T cells [41-43]. 
Recently, cooperation between IL-2 and IL-10 in immunoglobulin 
generation £i-om B cells has been reported [44]. However, the role 
of immunoglobulins has scarcely been remarked upon in OLP. 
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Antibody-mediated impairment ofkeratinocytes is suspected, given 
the results indicating that IL-4 and IL-l0 are critical members of the 
local cytokine network. 
In conclusion, the inflammatory condition of OLP is considered 
to depend on the balance of cytokine actions. Further in-depth 
investigations will be necessary to elucidate the initiaJ inducer of 
cytokine production in keratinocytes, the regulatory mecharusm of 
if/. situ T-cell differentiation and activation, and the role ofB cells in 
OLP. 
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